This study presents synthesis of novel block copolymers of thienyl end capped ethoxylated nonyl phenol and polypyrrole with silver nanoparticles via chemical oxidative polymerization by iron (III) chloride. Ethoxylated nonyl phenol (ENP) was reacted with 2-thiophenecarbonyl chloride (ThCCl) in order to synthesize a macromonomer containing thienyl end-group (ENPThC). Then copolymers of ENP-ThC and pyrrole were synthesized by chemical oxidative polymerization using iron (III) chloride as an oxidant. During this reaction, silver nitrate (AgNO 3 ) solution was added in order to increase its conductivity and to give the copolymer anti-microbial property. The synthesized block copolymers (ENP-ThC-b-PPy) with silver nanoparticles were characterized by spectroscopic analysis and the electrical conductivities were investigated with 4-point probe technique. The obtained samples were also characterized morphologically by Scanning Electron Microscope (SEM).
Introduction
Nanocomposites of conducting polymers and metallic nanoparticles have attracted considerable attention in recent years because of their potential applications in various areas, such as electrocatalysis, chemical sensors and optoelectronic devices (Gallon et al., 2007; Mangeney et al., 2006; Yang et al., 2008; Kishore et al., 2008) They have synergistic chemical and physical properties based on the constituent polymer and introduced metal. Extraordinary physicochemical properties of such nanocomposites can be attributed to high surface area and quantum size effect (Li et al., 2009; Tseng et al., 2005; Wessling et al., 2007) .Various methods for the preparation of these composites have been described. In general, these following routes are used: (a) where the monomer or polymer acts as a reductant for the metal, yielding the nanocomposite in powder or thin film forms (Guo et al., 2009; Xu et al., 2009) or (b) preparation of the nanoparticles followed by either chemical polymerization around the particles or dispersion of the nanoparticles in a polymer matrix (Selvan et al., 1998; Xu et al., 2008; Wei et al., 2010) .
Noble metals, such as silver, gold, platinum, or palladium, are highly resistant to oxidation and corrosion even at high temperatures. Especially as nanoparticles in the combination with conducting polymers, they produce attractive materials for various applications in electronics, sensors, catalysis, and medicine (Huh et al., 2010; . Among conducting polymers, polypyrrole (PPy) is of interest due to its environmental stability, redox properties, and ease of synthesis. The high electrical conductivity of composites is usually the primary target (Omastova et al., 2013) .
The improvement of the electrical conductivity is typically based on incorporation of an anionic compound, usually called "dopant", into the polymer matrix. The mechanism of improvement in the electrical conduction in PPy has been attributed to a redox interaction between the conducting polymer and the dopant (Veluri et al., 1996) . A variety of anionic dopants have been investigated, including Cl , ClO 4 , BF 4 (Corish et al., 1995) , ptoluenesulfonate (PTS), dodecylbenzene sulfonate (DBS) (Samuelson, 1998) and polystyrene sulfonate (PSS) (Glatzhofer et al., 1987) , all of which function to balance the cationic charge of the conductive polymer (Sultana et al., 2005) .
A wide variety of oxidants is feasible in the polymerization of pyrrole: K 2 S 2 O 8 (Khulbe et al., 1982) ,H 2 O 2 (Bocchi et al., 1970) iron(III) and cerium (IV) salts (Myers,1996; Machida et al., 1989; Walker et al., 1988; Rapi et al., 1988; Kizilcan et al., 2003) or halogens (Ozturk et al., 2007; Kizilcan et al., 2005; Castillo-Ortega et al., 1989) are well-established reagents. A lot of protic and aprotic solvents can be used with exception of those with high donor numbers like dimethylformamide (DMF) or dimethyl sulfoxide (DMSO). The highest conductivity (220 S/ cm) for polypyrrole (PPy) prepared by chemical oxidative polymerization using methanol as solvent and FeCl 3 as an oxidant (Kang et al., 1986) .
Ethoxylated nonyl phenols (ENPs) and ceric ammonium nitrate redox systems have been used for the polymerization of vinyl and acrylic monomers. In that case ENP acted as an organic reducing agent in the presence of Ce (IV) salt and a radical was formed. The polymers obtained with that redox system contained ENP chain ends because the radicals are formed on the reducing molecules. Similar copolymer synthesis have been reported using poly(ethylene oxide) (Oz et al., 2001 ) instead of its nonyl phenol terminated derivative, ENP. Copolymers of poly(ethylene oxide) and conducting polymers synthesized by ferric ions were produced in two steps. Firstly, monomers containing heteroatom (pyrrole, thiophene etc.) were attached to the poly(ethylene oxide) chain ends then copolymerization with heterocyclic monomers was carried out (Wang et al., 2003) In this work, ethoxylated nonyl phenol (ENP) was reacted with 2-thiophenecarbonyl chloride in order to synthesize a macromonomer containing thienyl end-group (ENP-ThC). Then copolymers of ENP-ThC and pyrrole were synthesized by chemical oxidative polymerization using iron (III) chloride as an oxidant. In order to provide high conductivity and anti-bacterial property, silver nitrate (AgNO 3 ) solution was added to reaction medium. ENPThC served both as a macromonomer and an emulsifier for pyrrole with poor solubility in water. The silver nanocomposites of synthesized block copolymers (ENP-ThC-b-PPy) were characterized by spectroscopic analysis and the electrical conductivities were investigated with 4-point probe technique.
Experimental

A. Materials
Pyrrole(Py), chloroform, hydrochloric acid (HCl), sodium bicarbonate (NaHCO 3 ), dichloromethane (DCM), pyridine and iron (III) chloride (FeCl 3 ) were all reagent-grade chemicals of the highest purity, so they were used without further purification.
Silver nitrate (AgNO 3 ) was supplied from Istanbul Technical University-General Chemistry Laboratory. Ethoxylated nonyl phenol (ENP30) with molecular weight of 1180 g/mol and with the number of repeating ethylene oxide units of 30, was purchased from Henkel chemical company.
2-Thiophenecarbonyl chloride (ThCCl) was product of Sigma Aldrich.
B.Analysis
Infrared spectra were recorded on an FTS-6000 Excalibur FTIR, using Varian Resolutions Pro as software.
1 H-NMR measurements were performed on Varian Mercury 400 spectrometer at room temperature, using CDCl 3 as deuterated solvent.
C.Conductivity Measurements
Electrical conductivities ( ) of polymers were determined by four point probe technique using Keithley 2400 model multimeter, Lucas Labs 302 model probe holder and SP4-180-TFS type probe. Thin pellets with typical sample diameter of 13 mm were prepared by compaction of the polymer powders under 10 tons of pressure.
( 1) where V is the potential (Volt) , I is current (Amper) and d n is the thickness of the samples (cm) .
D.Synthesis of Etoxylated Nonyl Phenol-Thiophene Carbonyl Compound (ENP30-ThC)
In this work, ethoxylated nonyl phenol (ENP) was reacted with 2-thiophenecarbonyl chloride (Fig. 1 ) in order to synthesize a macromonomer containing thienyl end-group (ENP-ThC).
For this purpose, firstly 20 g ENP (0.017 mol) was dissolved in 35 ml chloroform to form a homogenous mixture. Then, pyridine (1,8 ml; 0,0232 mol) was added in order to eliminate chloride ion, which comes from 2-thiophenecarbonyl chloride. During calculations, the mol ratio of ThCCl to ENP30 was accepted as 1,1 (n ThCCl /n ENP30 =1,1) and the mol ratio of pyridine to ThCCl was accepted as 1,2 (n Pyridine /n ThCCl =1,2). So, 2 ml ThCCl dissolved in 5 ml chloroform was added to reaction mixture by a dropping funnel, about 30 minutes. Since ThCCl and ENP30 were reacted violently, the temperature of reaction medium was kept at 0 o C with an ice bath. The reaction was ended after 20 hours. When proceeding the colour of reaction mixture was changed from onionskin to opaque. After reaction, hot DCM was added in order to eliminate pyridium chloride for purification. Then, reaction mixture was extracted by 5 % HCl solution and 10 % NaHCO 3 solution, respectively. In order to recrystallize, the extracted solution was washed with hot ethanol. Finally, the product was dried at 60 o C in vacuum oven. The resultant polymer was in white color.
E.Preparation of Silver Nanocomposites of Thienyl End-capped Ethoxylated Nonyl Phenol-b-Polypyrrole Copolymer
Copolymers of ENP-ThC and pyrrole were synthesized by chemical oxidative polymerization using iron (III) chloride as an oxidant (Fig. 2) . ENP-ThC served both as a macromonomer and an emulsifier for pyrrole with poor solubility in water. First, ENP30-ThC polymer (0,11 g; 0,00086 mol) was dissolved in 20 ml pure water. In order to alter the electrical properties of copolymer, 2,53 g p-toluene sulfonic acid (PTSA) dissolved in 20 ml pure water, as a dopant. Then, 0.3 ml pyrrole monomer (0,0043 mol) was added to the reaction mixture. For calculations, the molar ratio of pyrrole to ENP30-ThC was selected as 50 (n Py /n ENP30-ThC =50) and the molar ratio of iron (III) chloride to pyrrole was selected as 2,4 (n FeCl3 /n Py =1,2). After that, 0,365 g AgNO 3 which dissolves in 10 ml water was added to the reaction medium with a mol ratio of 0,5 (n AgNO3 /n Py =0,5) Next step was adding 1,673 g iron (III) chloride solution dissolved in 15 ml water to reaction mixture, via a dropping funnel, about 10 minutes. The reaction took place at 25 o C and lasted about 24 hours.
Results and Discussion
A.The Effect of Mol Ratio (n Py /n ENPThC )
The molar ratio of pyrrole to ENP group (n Py /n ENP ) has important effect on the conductivity and yield. As it is seen in Table 1 , conductivity of blank PPy showed the highest value, and with the addition of ENPThC group, this value began to decrease as expected. Because, even ENP-ThC group brings numerous advantageous on polypyrrole processability and solubility issues, it is non-conductive in nature. A reasonable drop of conductivity is accepted and the resultant conductivities are still moderate. 
B.The effect of Dopant
Using p-toluene sulfonic acid (PTSA) increased the conductivity of PPy and yield of the polymerization, as expected. The results can be seen in Table 2 , with the same oxidant amount and mole ratio. 
C.The Effect of Thiophenecarbonyl Group
As it is seen in Table 3 ., when compared to ENP30-b-PPy copolymer, thiophenecarbonyl group increased the conductivity of copolymer (ENP30-ThC-b-PPy). n Oxidant /n Py =2,4 n Py /n ENP-ThC =10
D.The Effect of Silver Nitrate Addition on Block Copolymer
As it is seen in Table 4 . , adding Ag compound to reaction medium provides an increase in conductivity, when compared to the other experiments which have no silver compound. The relation between the mole ratio of Ag to Py (n Ag /n Py ) and conductivity also described in Fig 5. As expected, with the increasing amount of AgNO 3 , yield is increased and it can be a proof of a copolymer-composite is formed. 
D.Spectroscopic Study
FTIR spectra of the copolymer composed of ethoxylated nonyl phenol with thiophenecarbonyl end capped and polypyrrole is shown in Fig 3. The absorbance of S-O stretching at 1066 cm 1 of PTSA also appeared. The strong (C H) bands at 2850 and 2920 cm 1 proved the presence of ENP in the products of the emulsion polymerizations. The peaks at 1544 and 1407 cm 1 could be attributed to C N and C C asymmetric and symmetric ring-stretchings, respectively. Additionally, the strong peaks near 1066 and 891 cm 1 present the doping state of polypyrrole. As it is seen in Fig 6. , with the addition of ENP-ThC groups the particle size of polypyrrole (avg. 1000 nm) is decreased, and silver group provides smaller size (avg. 165 nm) than that of copolymer (avg. 400 nm). Also, silver nanocomposite of this block copolymer have better size distribution, according to the SEM pictures of samples which zooms in 20000x.
Conclusion
Since polypyrrole (PPy) homopolymers have some difficulties in the applications, soluble and conductive copolymers of PPy may overcome this difficulties and open new application areas. For this purpose, thienyl endcapped ethoxylated nonyl phenol proposed a way to change the PPy's properties, by means of Iron (III) chloride (FeCl 3 ) , as an oxidizing agent.
Conductivity at blank PPy is the highest value, and with the addition of ENPThC group, this value began to decrease as expected. Because, even ENP-ThC group brings numerous advantegous on polypyrrole processability and solubility issues, it is non-conductive in nature. A reasonable drop of conductivity is accepted and the resultant conductivities are still moderate.
Some dopants can be used to enhance the high conductivity. For this purpose, p-toluene sulfonic acid (PTSA) was used to investigate the effect on conductivity. As expected, with PTSA, PPy had 40 times higher conductivity than that which had no dopant.
Thienyl group acts as a linkage group between conducting and non-conductive blocks. When compared to ENP30-b-PPy copolymer, thiophenecarbonyl group increased the conductivity of copolymer (ENP30-ThC-b-PPy)
Adding Silver compound on ENP-ThC-PPy copolymer has numerous advantageous such as decreasing the particle size of polypyrrole which has a known processability problem due to its big particle size. Also, it increased the conductivity of polymers and copolymers and provides anti-bacterial property to the product.
